; distribution is unlimited. This research has been conducted in compliance with all applicable federal regulations governing the protection of human subjects. No human subjects were directly involved in this research.
Introduction
The Naval Health Research Center (NHRC) has used its modeling and simulation (M&S) expertise to develop and update U.S. Air Force medical capabilities, allowance standards (ASs), and surgical subspecialty Unit Type Codes (UTCs) since 2004. Air Force medical units must remain small, light, and flexible. Based on the success of previous work, the Air Force asked NHRC to conduct a study of the Air Force Mobile Aeromedical Staging Facility (FFQM1) (Wing, 2010).
The U.S. Air Force Medical Services are faced with a wide range of potential scenarios, from providing warfighters' forward resuscitative care to assisting civilian populations during humanitarian relief operations. Air Force planners and UTC developers have closely followed the Joint Vision 2010 concept of providing highly mobile medical resources with a minimal logistic footprint, without compromising capability (Office of the Joint Chiefs of Staff, 1998). Additionally, guidance provided by the Joint Vision 2020 calls for a more scientific approach that leverages existing information technologies to support modern operational capabilities (Office of the Joint Chiefs of Staff, 2000) . Emphasis on mobility and capability result in a modular approach to prepare, plan, and deploy the FFQM1 expeditionary medical platform.
Method
The NHRC method of modeling medical supply requirements was developed to establish and/or review medical inventories for various levels of care. The aim is to give clinicians in the field the needed materiel to provide the best care possible, while still maintaining as small a logistical footprint as possible. This is accomplished through a process that begins with the identification of likely patient types to be encountered by a particular type of medical treatment asset, including combat wounds, nonbattle injuries, and illnesses. International Classification of Diseases, Ninth Revision (ICD-9) coded patient conditions that have been selected by the Defense Medical Materiel Program Office are used for this purpose. The types of ICD-9 patient codes are provided in Appendix A. Figure 1 illustrates the NHRC processes used when developing a M&S package. 
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Subject Matter Expert Guidance
A subject matter expert (SME) AS review was conducted on 20-24 June 2011. At this meeting, SMEs and NHRC analysts refined and validated assumptions regarding equipment and supply associations and the range and scope of patient types.
Patient Stream
For this study, a 280-person patient stream that includes 35 patient conditions vetted by the Air Mobile Command (AMC) SME panel was derived from theater patient encounter data from both battles of Fallujah for the time periods April-June and NovemberDecember 2004. The patient stream used simulates the equipment and supply requirements for a range of battle injuries and nonbattle illnesses, which would typically go through a patient staging facility that has the capability of handling 40 patients per 24 hrs over a 7-day period. The scenario is in Appendix A.
Expeditionary Medical Knowledge Warehouse
The patient stream is imported to the Expeditionary Medical Knowledge Warehouse (EMedKW) program to perform M&S. EMedKW is composed of the Enterprise Estimating Supplies Program (EESP), the Tactical Medical Logistics Planning tool (TML+), and the ReSupply Validation Program (RSVP). EMedKW is a service-oriented architecture system designed to protect and organize medical data. EMedKW provides the ability to estimate the equipment and consumable items needed to treat a particular patient distribution while also tracking inventory to monitor mission readiness. Within EMedKW, the tasks required to treat each patient condition code are identified and matched with the required equipment and consumable items. Analysis and review of the output informs the appropriate modifications to the AS for AMC review.
The following example describes the EMedKW data structure (see Figure 2 ). The task profile shows the likely clinical tasks to be performed on this type of patient in that functional area, and the percentage of those patients expected to receive them. The "Equipment and Supplies" column identifies the items needed to complete the "Insert Endotrach Tube" task at that level of capability. Not shown in this figure are additional data fields used to calculate supply quantities, including the amount of each supply needed to complete the task, how often the task will be repeated in the first 24 hrs of treatment, how often the task will be repeated in each subsequent 24-hr period, and the average length of stay at that facility.
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Figure 2. An example of NHRC's programmatic modeling process using ICD-9 code 800.00.
Capability
The FFQM1 is a tented, temporary staging facility that provides rapid response patient staging, limited holding, and supports small-scale contingency, humanitarian, and civil disaster response operations. The FFQM1 assists the Aeromedical Evacuation (AE) mission, and is normally located at or near airheads capable of supporting mobility airlift.
The FFQM1 receives and processes casualties designated for AE from forward medical elements and provides supportive medical care while patients are awaiting airlift. FFQM1 is neither staffed nor equipped to accomplish all patient support requirements. The sending medical treatment facility (MTF) is responsible to provide patient movement items for AE. Table 1 shows the staffing requirements. 
Results
Change Justification
M&S provides visibility into change justifications. Justifications typically fall into four categories: modernization, clinical requirements, standardization, and redundancy. In this study, 65 items were recommended for deletion without replacement.
There were 50 items recommended for deletion due to the items not meeting clinical requirements. Some examples of this are muslin bandage, Heimlich valve drain, and surgical penrose. In addition, half of the items not meeting clinical requirements were medications. For example, cefazolin sodium would be a regularly scheduled medication that the sending MTF would provide and send with the patient to continue their care as they go through AE.
Fifteen items were deleted due to redundancy. An example is the 3.0 millimeter pediatric endotracheal tube; this endotracheal tube is also found in the Broselow™ Pediatric Resuscitation System.
There were three items recommended for addition based on clinical requirements nebulizer mouthpiece, sodium chloride 10 ml disposable syringe, and ibuprofen 400 mg. The nebulizer mouthpiece aerosolizes medications for inhalation (such as albuterol sulfate, found in the AS), and without this addition albuterol sulfate is unable to be administered. Based upon SME input, two separate quantities of ibuprofen 800 mg were recommended for deletion and ibuprofen 400 mg added in their place. A lower dosage of ibuprofen allows the practitioner greater flexibility for dosing a wide range of patients. SME input also recommended the sodium chloride 10 ml disposable syringe for addition. It is frequently used to flush intravenous medications and routinely used to check intravenous saline locks for patency. The sodium chloride 10 ml disposable syringe is also found in the In-Flight Medical Kit 887A and Critical Care Transport Team 887N ASs. 
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Quantity Changes
There were 10 equipment items recommended for deletion based on SME input. For example, the Uni-Vent ® ventilator is an equipment item that the sending MTF will supply and keep with the patient through AE, making it unnecessary for FFQM1 to keep this equipment item on hand. In addition, any items that are used exclusively with Uni-Vent ® ventilator are also recommended for deletion such as the 72-inch plastic inhaler tube (ventilator circuit) and oxygen hose assembly including male and female connectors. The changes to equipment resulted in a cost reduction by 1.80%, or $8,567.31.
The medication quantities were changed based on the patient stream requirements. For example, the sodium chloride 100 ml bag was reduced from 64 to 16, the sodium chloride 1000 ml irrigation solution from 10 to 2, and procainamide hydrochloride injection 100 mg/ml from 9 to 2. There were 16 medications recommended for increase, including morphine sulfate injection 10 mg/ml from 12 to 18, meperidine hydrochloride injection 100 mg/ml from 2 to 4, and phenytoin sodium injection 50 mg/ml from 5 to 9. The changes in quantities of medications and the deletion of medications not meeting clinical requirements resulted in an increase in cost by 3.80%, or $153.43.
Several consumable quantities were changed based on the patient stream requirements. For example, the pressure dressing field pad was reduced from 25 to 4, 1 oz plastic medicine cups from 300 to 95, and sterile surgical gloves size 8 from 25 to 7. Additionally, there were 48 items recommended for increase, including the plastic fracture bedpan from 1 to 5 and the intravenous tubing, for use with the MedSystem III ® infusion pump, from 15 to 29. The changes to consumables resulted in a reduction in cost by 12.43%, or $780.83.
There were 20 items not modeled but recommended to be kept in the AS. An example of this is Zoll ® adult electrode defibrillator pads. Based on SME input, the FFQM1 is now transitioning to a Phillips HeartStart™ defibrillator but must keep Zoll ® adult electrode defibrillator pads available until the transition is complete. Additional items not modeled were due to the item not meeting clinical requirements but deemed essential for patient care by SMEs. Examples of this are motion sickness bags, chemiluminescent lights, and plastic sheeting.
The Defense Medical Materiel Program Office (DMMPO) publishes a list of medical supplies and equipment selected as a joint product of choice (JPOC) for the Services to use when updating ASs, kits, and assemblages. These JPOC items are assigned a level of standardization, Levels 1 through 5, 1 being the highest level of standardization and 5 being the lowest. JPOC levels are defined by the DMMPO and can be found at https://www.dmsb.mil/secureDocs/DMMPO_Standardized_Materiel_List.xls. Of the 462 items-including the two recommended for addition-196 (42.34%) are currently in the JPOC list: 1 item (00.22%) is Level 1, 16 items (3.47%) are Level 3, 77 items (16.67%) are Level 4, and 102 items (22.08%) are Level 5.
The total overall changes resulted in a reduction in weight by 0.82%, cube by 2.40%, and cost by 1.89%, or $9,194.71. Table 2 shows an overview of changes by category. Note. A = quantity unchanged; B = quantity increase; C = quantity decrease; D = delete; E = add, deleted replacement item; F = add new item; G = not modeled 
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Note. A = quantity unchanged; B = quantity increase; C = quantity decrease; D = delete; E = add, deleted replacement item; F = add new item; G = not modeled 
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